Introduction {#sec1-1}
============

The most common etiologies of malignant airway obstruction (MAO) are lung and esophageal cancer,\[[@ref1]\] and approximately 30% of patients with lung cancer will develop central airway obstruction.\[[@ref2]\] Although, stenosis of the central airway can deteriorate the functional and clinical statuses of patients, and lead to severe morbidity with impending respiratory failure,\[[@ref3][@ref4]\] the available definite therapeutic options are limited. Many lung or esophageal cancer patients with airway involvement are poor surgical candidates based on physiologic or oncologic criteria, although, surgical resection and reconstruction are the gold-standard treatment for MAO.\[[@ref1][@ref3]\] Radiation is also an another treatment of choice if time permits.\[[@ref5]\] However, its use in tumor recurrence is limited due to toxicity to surrounding normal tissues.

In this situation, bronchoscopic intervention provides the most appropriate method of achieving immediate airway relief and maintaining airway patency, resulting in an improved quality of life and functional status.\[[@ref1][@ref6]\] Additionally, bronchoscopic intervention offers the opportunity for additional therapeutic modalities in inoperable patients, leading to longer survival.\[[@ref7]\] In selected patients with locally-advanced lung cancer, preliminary bronchoscopic palliation could improve tumor staging, make surgical resection feasible, and improve the surgical results.\[[@ref8]\]

However, there are few in-depth studies specifically identifying prognostic factors affecting the survival of advanced lung cancer or esophageal cancer patients receiving palliative bronchoscopic intervention. Therefore, the aim of the study was to investigate the clinical outcome and prognostic factors in advanced cancer patients with MAO caused by extension from primary lung cancer to esophageal cancer after bronchoscopic relief from suffocation.

Methods {#sec1-2}
=======

Patient selection and recorded parameters {#sec2-1}
-----------------------------------------

Patients who received palliative bronchoscopic interventions due to MAO at the Samsung Medical Center (a 1,250-bed university-affiliated, tertiary referral hospital in Seoul, South Korea) between January 2004 and December 2009 were considered for inclusion. Inoperable cancer patients with airway obstruction caused by a primary tumor of the lung or esophagus were included. Patients were excluded if other medical conditions could be responsible for the symptoms of dyspnea, hemoptysis, or chronic cough; if irreversible bleeding diathesis was present; or if the assessing interventional pulmonologist determined the patient to be in severe cardiopulmonary compromise, and hence unable to tolerate bronchoscopy.\[[@ref6]\]

Medical records and procedure notes were examined to determine demographic characteristics, underlying malignancies, previous therapeutic modalities, location and type or site of airway obstruction, bronchoscopic intervention modalities, and immediate successful palliation. The occurrence of procedure-related complications was also reviewed. Additionally, any anti-cancer treatment after intervention and survival were investigated. The stage of the cancer at the first intervention was also recorded.

The current study was approved by the Institutional Review Board of the Samsung Medical Center, which waived the requirements for informed consent of the individual patients given the retrospective nature of the study.

Rigid bronchoscopic intervention {#sec2-2}
--------------------------------

Rigid bronchoscopic intervention was performed in an operating room under general anesthesia using intravenous propofol. Patients were intubated with a rigid bronchoscope tube (Hopkins, Karl-Storz, Tuttlingen, Germany). A flexible bronchoscope (EVIS BF 1T240; Olympus, Tokyo, Japan) was introduced through the rigid bronchoscope tube to optimize visualization. In each procedure, the obstructed airway was dilated gently using rigid bronchoscope tubes of progressively increasing diameter until adequate airway patency was established. In certain patients, a controlled radial expansion balloon (Boston Scientific, Boston, MA) was used to enlarge the airway sufficiently to allow bronchoscopic dilation.

Most of the intraluminal mass was removed mechanically with the tip or forceps of a rigid bronchoscope or a snare. Frequently, a neodymium-yttrium aluminum garnet laser (20 W; LaserSonics, Milpitas, CA) was used to ablate the residual endobronchial tumor or to cauterize the tumor bed after excision of the tumor. After mechanical dilation, a silicone stent (Dumon-style stent; Bryan Corp., Woburn, MA; Natural stent; TNO Corp., Seoul, Korea) was used for extrinsic compression, malacia, and combined extrinsic compression and intrinsic lesions. The stents were inserted through the rigid bronchoscope using a previously-described technique.\[[@ref9][@ref10]\] Stent insertion was also performed in patients with intrinsic lesions when significant airway obstruction (more than 50% of the lumen) was present even after intervention.\[[@ref11]\] All palliative types of therapy were performed by the same attending physician (H. Kim). Subsequent treatment was performed where indicated.

Definitions {#sec2-3}
-----------

Successful palliation was assessed by the patients' improved respiratory status according to three criteria: Patient subjective response (improved breathlessness and exercise tolerance evaluated by the presence of "improvement of dyspnea" on chart record and improvement of Eastern Cooperative Oncology Group performance status) objective clinical response (diminished need for supplemental oxygen, improved breath sounds estimated patency of lumen increased by more than 50% after intervention), and radiographic improvement by computed tomography or chest radiography (resolution of mediastinal shift and pulmonary infiltrates/atelectasis).\[[@ref6][@ref12]\] However, it was not possible to judge the response with objective parameters for lung function, because the poor condition of the patient prevented assessment in most cases. Palliation of airway obstruction was considered to be successful if improvement was found in at least two of the three categories. The type of airway obstruction was classified as extrinsic, intrinsic (endoluminal and/or submucosal), or combined.\[[@ref11]\] The duration of survival was calculated to be the time interval between the date of bronchoscopic intervention and death due to any cause or last clinical contact. Follow up was completed by July 31, 2010. Death was confirmed from medical records or by contact with the patient\'s family.

Statistical analysis {#sec2-4}
--------------------

Data are presented as medians and interquartile ranges (IQRs; 25^th^ and 75^th^ percentiles) for continuous variables and as numbers and percentages for categorical variables. Data were compared using the Mann-Whitney U-test for continuous variables and Chi-squared or Fisher\'s exact test for categorical variables. Time zero for the survival analysis was defined as the date of the rigid bronchoscopy. Patients were followed until death or the last documented follow-up, if patients were still alive. The duration of overall survival was analyzed using the Kaplan--Meier method. Differences in overall survival were assessed using the log-rank test. Thereafter, multivariate analysis was performed using the Cox proportional hazards model to identify independent prognostic factors for overall survival after bronchoscopic intervention, as measured by the estimated hazard ratio (HR) with a 95% confidence interval (CI). The variables with a *P* value less than 0.20 in the univariabe analysis were entered into a Cox regression model. All tests were two-sided, and a *P* value less than 0.05 was deemed to indicate statistical significance. Data were analyzed using IBM SPSS Statistics 19.0 (IBM, Armonk, NY).

Results {#sec1-3}
=======

Baseline characteristics {#sec2-5}
------------------------

The baseline clinical characteristics of the enrolled 51 patients are summarized in [Table 1](#T1){ref-type="table"}. Among the 51 patients, 43 were male with a median age of 64 years (55-70 years) and 35 (69%) had airway obstruction caused by extension from lung cancer. The main causes of airway obstruction by primary lung cancer were squamous cell carcinoma in 21 patients and adenocarcinoma in nine patients. Overall, 13 treatment-naïve patients demonstrated a first presentation of MAO; 38 patients (75%) had previously undergone various therapeutic modalities. Only chemotherapy or radiation was administered in 7 (14%) and 6 (12%) patients, respectively, and chemoradiation was administered in 11 patients (21%). Five patients (10%) underwent only an operation for the primary tumor. The remaining patients received a combination treatment of chemotherapy (*n* = 2, 4%), and chemoradiation (*n* = 7, 14%) followed by surgical resection of the primary tumor. All patients were symptomatic. Most patients experienced dyspnea (*n* = 45, 88%). Of these 45 patients, 6 had accurate respiratory distress or stridor. Refractory obstructive pneumonia was found in five patients (10%), and hemoptysis in one patient (2%)

###### 

Baseline characteristics of enrolled patients (*n*=51)
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Bronchoscopic findings, intervention modalities, and outcomes {#sec2-6}
-------------------------------------------------------------

Tracheal obstruction was found in 24 patients (47%), and 17 patients had only an obstructive lesion of main bronchus. The distal airway such as bronchus intermedius or lobar bronchus was involved in 10 patients (20%). These patients had inoperable cancer stage because of advanced nodal stage (*n* = 2), malignant pleural effusion (*n* = 2), and distant metastasis (*n* = 5) despite involvement of the distal airway. Additionally, one patient had small cell carcinoma with an extensive stage.

Mechanical removal, laser cauterization or both were performed in 21 patients with airway obstruction caused by an intraluminal mass. Pure extrinsic compression of the airway requiring dilatation and stenting was found in eight patients (16%). Both extrinsic compression and an intraluminal mass requiring mechanical resection and stenting were found in 22 patients (43%).

Successful palliation was achieved in 49 patients (96%). However, it was impossible to improve the airway obstruction in two patients: One had a procedure-related persistent pneumothorax; the other had extensive tumor involvement into the segmental bronchus and the orifice of the occluded bronchial segment could not be located or catheterized. After an immediate successful palliation, repeated bronchoscopic interventions were required to maintain airway patency in 11 patients (21%). Complications relating to the procedure occurred in six patients (12%), including a pneumothorax or pneumomediastinum (*n* = 3), arrhythmia (*n* = 1), a tracheo-esophageal fistula (*n* = 1), and septic shock (*n* = 1) \[[Table 2](#T2){ref-type="table"}\].
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Modalities and outcomes of bronchoscopic intervention
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Post-procedural adjuvant treatment and survival {#sec2-7}
-----------------------------------------------

Additional treatments were initiated on average 11 days (4-15 days) after the bronchoscopic intervention in 24 patients (47%). Additional treatment included radiation (*n* = 17, 33%), chemotherapy (*n* = 3, 6%), and chemo-radiation (*n* = 3, 6%). Only one patient received surgical resection of the primary tumor, tracheal sleeve pneumonectomy. Additional treatment could not be applied to the remaining 27 patients (53%) due to exhaustion from radiation or chemotherapy (*n* = 17, 33%), infection (*n* = 4, 8%), or patient refusal of treatment (*n* = 6, 12%).

The overall survival after bronchoscopic intervention ranged from 15 days to 43.4 months, with a median of 3.4 months (IQR, 1.6-7.3 months). Although, no intra-procedural death was observed in the present study, six patients died within 30 days after the procedure: One from septic shock, three from disease progression, and two from unknown causes. The latter two patients received no additional treatment and were referred to another hospital for supportive care, limiting the information.

Longer survival was observed in patients who received additional treatment after the airway intervention, compared with those who did not (5.3 months; IQR, 2.9-8.8 months vs. 2.5 months; IQR, 1.1-4.1 months; *P* \< 0.01). Additionally, longer survival was observed for treatment-naïve patients than for those who had undergone previous therapy (7.3 months; IQR, 3.2-11.7 months vs. 2.9 months; IQR, 1.4-4.5 months *P* = 0.02) \[[Table 3](#T3){ref-type="table"}\]. Survival curves for these parameters are demonstrated in [Figure 1](#F1){ref-type="fig"}.

###### 

Post-procedural additional treatment and overall survival (*n*=24)
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![Overall survival curves using Kaplan--Meier estimates according to clinical variables after bronchoscopic intervention. (a) Survival curve based on pre-bronchoscopic treatment status (*P*= 0.02), (b) Survival curve based on tracheal invasion of tumor (*P*= 0.03), (c) Survival curve based on the post-bronchoscopic additional traetment (*P*\< 0.01)](ATM-8-86-g004){#F1}

Prognostic factors associated with overall survival {#sec2-8}
---------------------------------------------------

Factors significantly influencing survival using Kaplan--Meier log-rank analysis were a history of previous treatment before bronchoscopic intervention, the site of obstruction and availability of post-procedural adjuvant treatment \[[Table 4](#T4){ref-type="table"}\].

###### 

Overall survival according to clinical variables
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In multivariable analysis using a Cox proportional hazards model, longer survival was observed with selected conditions; a treatment-naïve status (HR, 0.359; CI, 0.158-0.815; *P* = 0.01), an intact proximal airway (HR, 0.265; CI, 0.095-0.738; *P* = 0.01), and post-procedural additional treatment (HR, 0.330; CI, 0.166-0.657; *P* \< 0.01), among the statistically significant variables from Kaplan--Meier log-rank analysis \[[Table 5](#T5){ref-type="table"}\].

###### 

Cox proportional hazards model for overall survival in patients with malignant airway obstruction
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Discussion {#sec1-4}
==========

The present study revealed that palliative bronchoscopic intervention is effective in the immediate stabilization of MAO, and survival is better in patients a treatment-naïve status before intervention, intact trachea, and available additional post-procedural treatment even after adjusting other factors.

Bronchoscopic intervention followed by adjuvant treatment is well known to be associated with longer survival\[[@ref3][@ref4][@ref9][@ref13]--[@ref15]\] rather than intervention itself.\[[@ref9][@ref14][@ref16][@ref17]\] Our results consistently demonstrated that adjuvant treatment after bronchoscopic intervention significantly increased the median survival (2.5 months vs. 5.3 months) and 1-year survival rate (4% vs. 17%). Our study yielded several strengths when approaching this conclusion compared with previous studies. First, we analyzed many factors that could occur in patients and adjusted these factors to identify significant prognostic factors, whereas previous studies focused on only a single modality of bronchoscopic intervention such as stenting or laser therapy before adjuvant treatment to observe survival benefits.\[[@ref16][@ref17]\] Because bronchoscopic modalities have been diversely used according to the patients' lesion site and state, our study, which considered all possible modalities, could be more relevant clinically. Secondly, while our study was limited to lung cancer or esophageal cancer, previous studies -- Reporting a survival benefit of additional therapy -- included primary airway tumors,\[[@ref9][@ref16]--[@ref18]\] which accounted for 20% of the enrolled patients in two studies.\[[@ref9][@ref18]\] Given that a patient suffering from a primary airway tumor has a better prognosis than other solid malignancies,\[[@ref19][@ref20]\] primary airway tumors itself could be a confounding factor for results of longer survival in these studies. Thus, our results might provide more clinically-relevant information for clinicians to decide additional post-broncho procedural treatment in advanced lung or esophageal cancer patients with MAO.

Confirming a previous report,\[[@ref11]\] our study also showed that the site of obstruction was an independent predictor of overall survival. Particularly, patients with tracheal obstruction had a bad prognosis, which could be because of a more severe disease, compared with the disease being restricted to the lung or esophagus. Regarding bronchoscopic modalities for tracheal obstruction, stenting was performed in 21 of 24 (88%) patients with tracheal obstruction, which was consistent with a recent report showing that stenting was most commonly used for tracheal obstruction.\[[@ref11]\] However, our study found no significant association between survival and type of tracheal obstruction such as an extrinsic compression or intraluminal mass, in contrast to a previous study.\[[@ref11]\]

As suggested by previous reports,\[[@ref7][@ref8]\] our study documented that patients who are treatment naïve upon admission had longer survival than those with any cancer treatment before bronchoscopic intervention. The patients with pre-bronchoscopic procedure treatment could have obtained a poorer performance status after cancer treatment and could have already had a refractory or relapse status, resulting in a poorer additional treatment response. Based on previous data, only about 40-70% of the patients were eligible to receive post-procedural adjuvant treatment.\[[@ref16]\] In our study, 47% of all patients received additional cancer therapy after bronchoscopy and survival rate in those patients was significantly higher that patients who are not eligible to additional therapy.

Among them, treatment-naïve patients upon admission obtained more additional treatment and survived longer than those with cancer treatment before the bronchoscopic procedure (54% vs. 45%; *P* \< 0.01, 7.1 \[3.2-11.7\] months vs. 2.8 \[1.4-4.5\] months; *P* \< 0.01, respectively). Thus, our study revealed that patients with a treatment-naïve status upon admission acquired more benefit from adjuvant treatment after bronchoscopy. In our study, the median survival time and 1-year survival rate after bronchoscopic intervention were 3.4 months and 10%, during the median follow-up period of 45.5 (IQR, 22.2-61.1) months. Our 1-year survival rate was lower than that reported by previous studies (14-15%),\[[@ref16][@ref21]\] although, the median survival time was similar to those studies (3.1-3.4 months).\[[@ref16][@ref21]\] This might be due to the fact that our study included more patients with advanced esophageal cancer, compared with the two studies. As demonstrated in our study, patients with airway obstruction from esophageal cancer (median, 2.8 months; IQR, 1.3-4.0 months) had a worse prognosis compared with those with lung cancer (median, 4.0 months; IQR, 1.7-7.7 months) in the Kaplan--Meier log-rank analysis (*P* = 0.04). The cause for this may be the more extensive degree of obstruction from esophageal cancer abutting to the airway, compared with lung cancer.

The current study has several limitations. One major limitation is the potential selection bias. This was a retrospective study performed on a small number of patients in a single referral center, limiting its statistical significance. These factors may limit the generalization of the findings. However, controlled, prospective studies comparing various therapies using interventional bronchoscopy have been problematic because of the often critical nature of airway obstruction that requires urgent therapy. Secondly, the clinical outcome after bronchoscopic intervention was evaluated according to the patients' symptoms, radiographic findings, and patency of the airway lumen. We could not provide more objective measurements of clinical improvement after intervention. Spirometric data for patients before and after treatment would have enhanced the study, but pre-treatment lung function tests could not be performed because of the extreme breathlessness and discomfort that enrolled patients were experiencing. Although, the conclusions from our study are limited, our study is unique in that we determined the factors influencing survival in patients with MAO caused by advanced lung cancer or esophageal cancer. Our findings suggested that good results from bronchoscopic intervention largely depend on patient selection, and that availability of post-procedural additional treatment is necessary for longer survival, as confirmed by Cox regression analysis.

Conclusion {#sec1-5}
==========

In this retrospective study confirmed that bronchoscopic intervention could achieve immediate airway relief from MAO, but also improve survival in advanced lung or esophageal cancer patients with selected conditions such as a treatment-naïve status, an intact proximal airway, and available post-procedural additional treatment. However, this observation needs to be further evaluated by multicenter-large sample sized study.
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